Objective: This study aims to identify lifestyle predictors of gestational diabetes mellitus (GDM) in South Asian women. Pregravid body mass index, body composition, rate of weight gain during pregnancy, physical activity (PA) and dietary intake were studied. Design: Prospective cohort study (n ¼ 611) of South Asian women at Aga Khan University Hospital antenatal clinic in Karachi, Pakistan. Weight, height and body fat % were measured and data on PA, diet and socio-economic covariates were collected at baseline. A glucose screen was performed at 29.872.6 weeks. Results: Using logistic regression analysis for the full cohort, the risk of GDM increased with older maternal age (odds ratio (OR) 1.13, confidence interval (CI) 1.06-1.21), increased body fat % (OR 1.07, CI 1.03-1.13) and the risk was inversely associated with PA (100 kcal) (OR 0.79-0.99, CI 0.89). Using a nested case (n ¼ 49) control (n ¼ 98) design to study dietary intake, the risk of GDM decreased with increasing protein (% energy) in the diet (OR 0.75, CI 0.60-0.95). Conclusions: Body fat %, physical inactivity and, possibly, diet quality are important modifiable risk factors for GDM.
Introduction
The World Health Organization (WHO) estimates that approximately 300 million people will develop diabetes by 2025, a number far above the 150 million today. The rise in prevalence will take place mainly in the developing countries of the world, and will affect people in their productive years (45-64 years) (WHO, 2002) . Gestational diabetes mellitus (GDM), defined as glucose intolerance that is first recognized during a pregnancy (American Diabetes Association, 2004) , is closely associated with type II diabetes (Ben-Haroush et al., 2004) . Two prospective studies, one with 15 years of follow-up and another with 7 years, have shown very high rates of conversion to type II diabetes among women with GDM; 35% over 15 years and 48% over 7 years in Swedish (Linne et al., 2002) and Latin American women (Kjos et al., 1998) , respectively. In addition to diabetes in the mother, GDM is associated with poor pregnancy outcomes (Persson and Hanson, 1998) and elevated risk of obesity and early development of diabetes in the offspring (Lindsay et al., 2000) .
A number of risk factors for GDM have been studied in industrialized countries. Pre-gravid body weight is a wellestablished predictor of GDM (Meltzer et al., 1998; Khine et al., 1999) , but data on weight gain during pregnancy have shown inconsistent effects (Kieffer et al., 2001 ). Higher carbohydrate diets (% of energy) have been associated with a reduced risk of GDM (Saldana et al., 2004) . Recreational physical activity (PA) has been associated with a reduced risk of GDM in two separate studies conducted in the West (Dempsey et al., 2004a, b) , and encouraging results have been reported for management of GDM with regard to PA (Demspey et al., 2005) . However, others have not reported any association of PA with reduced risk of GDM (Solomon et al., 1997) . Body composition has only been studied by waist circumference during pregnancy (Zhang et al., 1995) , but this has obvious limitations.
With ongoing nutrition transition and the dramatic shifts in chronic disease morbidity (Popkin, 2002) , it is important to study modifiable predictors of GDM in developing countries. We studied the modifiable predictors of GDM with a view to understand how to prevent GDM development. The objective of this study was to investigate the impact of pre-gravid body mass index (BMI), body composition (body fat %), rate of weight gain during pregnancy, PA and dietary factors on developing GDM in South Asian women.
Methods

General overview
A prospective cohort study of women (n ¼ 750) attending antenatal clinics at Aga Khan University (AKU) Hospital in Karachi, Pakistan was conducted between October 2002 and May 2004. Women eligible for inclusion were of South Asian origin, p18 weeks of gestation and did not have known diabetes mellitus. At the time of recruitment, participants answered questions on potentially modifiable lifestyle predictors of GDM (PA and diet) as well as on maternal health and socio-demographic variables. Anthropometric variables including weight, height and body composition were measured at this time. The outcome variable, GDM, was defined by the results of blood work at 29.872.6 weeks of gestation by a two-step procedure. The first step was a 75-g, 2-h glucose challenge test (GCT) followed by a 100-g, 3-h glucose tolerance test (GTT) in subjects with a raised value on the GCT. Informed consent was obtained from each participant. Ethical approval was obtained from McGill University, Canada and Aga Khan University, Pakistan.
Baseline measurements Information pertaining to birthplace, level of education and family history of diabetes (type I as well as type II) was obtained by questionnaire. Subjects with parents, siblings, aunts or uncles with diabetes were classified as having a family history of diabetes. Education was measured using eight levels ranging from no formal education to postgraduate education. Current smoking status, betel nut chewing and tobacco consumption were also reported. Medical charts were reviewed for subject's age (years), parity and gestational age (weeks) at the time of recruitment.
Weight was measured by a nurse, using a triple beam balance. Height (to the nearest cm) was measured by a stadiometer attached to the triple beam balance. BMI was calculated as weight (kg)/height (m) 2 at the time of recruitment and served as a surrogate for pre-gravid BMI. Rate of weight gain per week during pregnancy was computed as the difference between the weight at the time of the GCT and the weight at the time of recruitment, divided by the number of weeks elapsed between these times. Body composition was measured at recruitment using a foot-to-foot bio-electrical impedance scale (Tanita Body Composition Analyzer TBF 215, Tanita Corp., Tokyo, Japan). Body fat %, fat-mass (kg), fat-free mass (kg) and total body water (kg) were assessed based on the subjects' age, gender, weight and height. Such scales have been validated in human populations (Utter et al., 1999; Cox-Reijven et al., 2002) . PA level was measured by an interviewer administered PA questionnaire. We used the WHO's Monitoring Trends and Determinants of Cardiovascular Disease (Monica) Optional Study of Physical Activity (MOSPA) instrument, developed by the Centers for Disease Control (CDC), to assess the risk factors of cardiovascular disease (Jones, 1997) . This questionnaire measures time and energy spent in a range of physical activities including occupational work, transportation, household chores as well as leisure time activity over a 1-year period. The energy expenditure was calculated in metabolic equivalent scores and converted to energy expenditure in kcal/day for each subject. We found a correlation r ¼ 0.51 (Po0.01) between the PA questionnaire and Caltrac accelerometers in a sub-sample (n ¼ 50) of this population (Iqbal et al., 2006 ).
An 85-item food frequency questionnaire (FFQ) was developed in Pakistan to assess macronutrient (fat, carbohydrates and protein), total energy (kcal) and fiber intake. It was developed from foods recalled on 30 24-h food recalls from women attending antenatal clinics in Karachi. Participants had the option to choose from three response categories for each portion size (small, medium or large), frequency of food intake (times per week, month or year) and season of the year (summer, winter or both). We developed a food composition grid for the items on the FFQ using several regional food composition tables ( 
Outcome variable
All subjects underwent 2-h, 75-g GCT at 29.872.6 weeks gestation, unless they were tested early and were positive at an earlier test. If the GCT value was 4140 mg/dl (7.8 mmol/l), a 3-h, 100-g oral glucose tolerance test (OGTT) was conducted. Cutoff values suggested by the American Diabetes Association were used; values of 95 mg/dl (5.3 mmol/l) (fasting), 180 mg/dl (10.0 mmol/l) (1 h), 155 mg/dl (8.6 mmol/l) (2 h) and 140 mg/dl (7.8 mmol/l) (3 h) were used to identify subjects with GDM (2). The protocol observed was that used at the AKU Hospital. Subjects with either one or two raised values on the OGTT were grouped together for this analysis, given the impact of even slight dysglycemia (Sermer et al., 1998) . Our definition was broader than the American Diabetes Association's classification of GDM (two raised values), but more stringent than the WHO suggestion of identifying subjects with impaired OGTT, with one raised value 4140 mg/dl (7.8 mmol/l) at 2 h (based on a 75 g glucose load test) (WHO, 1999) . Blood glucose levels were analyzed at the AKU hospital laboratory by an enzymatic process involving peroxidase/glucose oxidase as the reactants on Synchron LX Systems (Beckmann and Coulter, CA, USA). This laboratory has an ISO 9001 quality certification.
Statistical analysis
Descriptive statistics and Student's t-tests and w 2 tests were used for assessing differences between subjects with gestational diabetes and those with normal glycemic status. A level of Po0.05 was considered statistically significant. Principal components analysis was conducted to choose the most appropriate variables for the logistic regression analysis in order to understand the underlying constructs as well as to avoid co-linearity in the variables used in regression analysis. An eigen value above one was used as a cutoff for identifying components. The analysis revealed five components with eigen values over one that explained 78.26% of the total variance in the sample. Varimax rotations were used to aid in data interpretation. The five rotated components in descending order of importance were body composition, maternal age and parity level of education, family history of diabetes and daily energy expenditure, which grouped with height. The communalities were high (40.85) for variables within a factor, but we chose to use measured variables from each factor for further statistical analysis rather than the rotated components for ease in data interpretation.
We used logistic regression analysis to assess the associations between lifestyle predictors and the development of GDM. The selection of predictors that were included in the model was based on a review of current literature. The lifestyle predictors that were examined were BMI, body fat %, PA level (kcal/day) and rate of weight gain (kg) per week. Smoking was not included as few (0.2%) reported smoking during pregnancy. Daily energy expenditure for PA was truncated at 1200 kcal/day as some women (n ¼ 6) clearly over reported number of working days as well as hours. We used a backward elimination procedure using maximum likelihood ratio for the selection of models. Family history of diabetes, level of education, height and parity were also included in the models. Maternal age (years) was forced into all models because of its well-known relationship with GDM.
Dietary analysis
The association of dietary intake with GDM was analyzed in a subset of subjects from the entire cohort using a nested case-control study design. The 49 GDM cases identified in the main cohort were age matched (71 year) to two controls from the main cohort. Total sample size for this analysis was 147 subjects. A statistical analysis system (SAS) program was created to convert dietary intake data into kcal of energy, grams of macronutrients and grams of fiber for each subject/ day. Initially, univariate analyses were performed on diet (grams of carbohydrate, protein, fat and fiber, kcal of energy and percent of energy contributed by the macronutrients) Table 3 . Based on the results of the entire cohort's logistic regression analysis, we deliberately included body fat % and PA (kcal/day) into the conditional logistic regression analyses. As conditional logistic regression analysis uses constructs similar to the survival analysis, therefore relative risks were estimated as hazard ratios for assessing the significance of models examining the association of nutrient intake and GDM. This analysis was carried out using a SAS macro (Vierkant et al., 1999) for conditional logistic regression. All analysis was carried out on SAS version 8.2 (SAS Institute, Cary, NC, USA, 2001).
Results
A total of 750 women were recruited between October 2002 and November 2003 and the follow-up was completed by May 2004. Of these, 612 women completed the study and 138 women (18.5%) were lost to follow-up. Of these 138 women who were lost to follow-up, 66 discontinued antenatal care at AKU hospital, 41 had an abortion or their pregnancy was terminated, nine refused a GCT and 14 refused an OGTT after a raised GCT, three were found to be known diabetics before pregnancy, data were missing for another three, one underwent inappropriate testing and one withdrew participation. The participants included in this analysis were taller and had a lower BMI, but were otherwise similar to the subjects who were not followed up.
Of the 612 subjects who completed the study, 8% (n ¼ 49) were diagnosed as having GDM based on the criteria mentioned above. Of these, 31 subjects had two raised values and 18 subjects had one blood value above the cutoff values. Table 1 ) and had more body fat (%) (32.276.4 vs 27.477.8). The mean gestational age at the time of diagnosis was 28 weeks for cases and 30 weeks for controls. This difference arose from early identification of GDM in some cases. The daily energy expenditure (kcal) was not different between the two groups in this unadjusted analysis.
Multiple logistic regression analysis showed that increased maternal age (OR 1.13, CI 1.06-1.21) and increased body fat % (OR 1.07, CI 1.03-1.13) increased the risk of developing GDM, whereas increase in PA (100 kcal), decreased the risk of GDM (OR 0.89, CI 0.79-0.99). These lifestyle factors were independent predictors of GDM. This model also included the family history of diabetes, level of education, parity, rate of weight gain during pregnancy and height, which were not found to be related to the development of GDM. In a second model, we replaced body fat % by BMI and found that this model predicted GDM as well. Both of these models are presented in Table 2 . Categorical variables and quadratic terms were also computed for daily PA, age and body fat % to assess their association with GDM, but as they did not add further precision to the model, they were not used in the final analysis.
Dietary predictors of GDM were analyzed in a subset of subjects from the cohort study. In a bivariate analysis, total energy intake was found to be similar in the two groups (22067670 vs 20677673 kcal/day, P40.05) in cases vs controls. Protein intake (% energy) was lower in the cases than controls (14.071.7 vs 14.771.8%, Po0.05), whereas carbohydrate intake (% energy) was higher in the cases vs controls (59.376.4 vs 56.976.6%, Po0.05; Table 3 ). Using a conditional logistic regression analysis procedure and based on a priori knowledge obtained from the main cohort analysis, we deliberately included body fat %, PA (kcal/day) and added protein as a proportion of total energy intake into the model. Similar to the cohort analysis, in the nested case-control analysis, we found that increased body fat % predicted the development of GDM (OR 1.08, CI 1.01-1.15) but with the reduced statistical power, PA was not a significant predictor and was thus dropped from the final model. A higher contribution of protein to energy intake was Abbreviations: BMI, body mass index; CI, confidence interval; NA, not applicable; OR, odds ratio; PA, physical activity. a Models 1 and 2 also included family history of diabetes, level of education, parity, height and rate of weight gain during pregnancy, which were not found to be significant predictors. b In model 2, fat % was replaced by BMI. c OR for maternal age, body fat % and BMI are for one unit increase, and for physical activity are for a 100 kcal increase. protective for developing GDM (OR 0.75, ). However, it is possible that the higher protein intake may be associated with lower fat or carbohydrate intake. In similar models, replacing carbohydrate for protein or fat for protein, neither were found to be predictors of GDM (data not shown). Likewise, carbohydrates (% energy) and fat (% energy), when added to the model with protein (% energy), were not statistically significant. Moreover, owing to colinearity, this addition made protein also nonsignificant. Therefore, we dropped fat (% energy) and carbohydrates (% energy) from the final model. Similarly, in a model that included body fat %, PA (kcal/day) and total energy intake, fiber intake (g) was not found to be a predictor of GDM.
Discussion
This study was conducted to understand the role of lifestyle predictors in the development of GDM in South Asian women residing in Pakistan. The two modifiable factors predicting GDM were body fat % and low PA. Replacing body fat % by BMI (kg/m 2 ), in a similar model, led to comparable results with this measure of body fatness. In addition, using a nested case-control approach, the proportion of energy contributed by dietary protein had a protective effect, whereas intakes of carbohydrate, fat, fiber or total energy were not found to be related to GDM.
Changes in body fat %, without changes in body weight, have been reported to be positively associated with changes in the blood HbA1c levels in diabetic subjects (Sohmiya et al., 2004) . Furthermore, the amount of visceral fat and total fat volume have been associated with increased insulin resistance (Banerji et al., 1999) . The women we studied showed a clear effect of body fat % or BMI on risk of diabetes, similar to findings in people with type II diabetes. However, the number of subjects with GDM was insufficient to examine cutoff BMI values for risk, as has been performed for risk of type II diabetes (Field et al., 2001) .
The overall daily PA scores were very low in this population; however, similar results have also been reported in a cross sectional survey conducted in urban India (Bhasin et al., 2001 ). Despite the low overall level of PA recorded in our study, higher levels of PA had a protective association against the development of GDM. This finding is similar to studies wherein recreational PA alone (Dempsey et al., 2004a, b) has been found to have a beneficial association with GDM. In contrast, in the nurses health study (Solomon et al., 1997) no association between GDM and PA was observed. However, several prevention trials have indicated that increasing PA substantially reduces the risk of developing type II diabetes (Ramachandaran et al., 1999; Molitch et al., 2003; Laaksonen et al., 2005) , and interventions to increase PA as a treatment for women with GDM have shown clear declines in blood glucose levels (Jovanovic-Peterson and Peterson, 1996; Demspey et al., 2005) .
We observed a protective effect of dietary protein (% energy) in relation to GDM. To our knowledge, we are the first to report such an association. It is possible that higher protein intake was related to good dietary practices such as intake of pulses and legumes that are high in fiber, which have been shown to have a protective role in the development of type II diabetes (Salmeron et al., 1997; Schulze et al., 2004) . Dietary fiber per se was not related to GDM in our study. In an Indian investigation of diet and risk of ischemic heart disease, meat (including chicken) had a protective effect (OR 0.57, 95% CI 0.33-0.98), whereas fish consumption did not (OR 0.72, 95% CI 0.47-1.09), indicating perhaps that protein in specific food items may play a role in preventing GDM (Rastogi et al., 2004) . Although our analysis is limited to macronutrients, we do know that meat was consumed by our participants. In terms of fat intake, it has been reported that higher total fat intake as well as fat (% of energy) is associated with increased risk of GDM (Saldana et al., 2004) , as well as a higher proportion of saturated fat in the diet (Wang et al., 2000) . This is the first study of its nature to be conducted in South Asian women to assess the association between lifestyle predictors and GDM. This were a prospective cohort study in which data on predictors were collected before the outcome was known. This reduces both recall bias and interviewer bias during data collection. However, a limitation of this work is that all data were collected at AKU Hospital, which primarily serves the affluent population of the city. This could have limited our ability to clearly assess the impact of some lifestyle factors such as diet owing to a lack of sufficient variability in the data.
This study indicates that potentially modifiable lifestyle factors such as body fat % or BMI and PA are associated with the development of GDM. Prevention strategies for GDM need to be developed in a country like Pakistan, where the prevalence of type II diabetes and impaired glucose tolerance was observed to be approximately 10% (Shera et al., 1999a, b) . The focus of these efforts should be toward increasing PA in women and decreasing fat stores in those with a high % of body fat.
